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ABSTRACT. Objective: Osteoporosis is a costly bone disease characterized by low bone mineral density (BMD) that primarily affects
postmenopausal women. One factor that may lead to osteoporosis is
a failure to reach peak bone mass (PBM) in early adulthood. In older
adults and animal models, heavy episodic drinking (HED) has been
found to predict failure to reach PBM. However, this relationship has yet
to be investigated in adolescent human females. Method: Female college students (N = 87; 60% White) reported age at menarche, hormonal
contraceptive use, physical activity, smoking habits, and HED history via
an online survey and then received a dual energy x-ray absorptiometry
bone scan to assess both lean body mass and BMD at the lumbar spine.
Results: Frequent HED (having four or more drinks within 2 hours on
115 or more occasions since the start of high school, which is approxi-

mately equal to 1.6 episodes per month over this period) was associated
with decreased vertebral BMD even when variables most commonly
associated with bone health (lean body mass, physical activity, age at
menarche, smoking, and oral contraception use) were controlled for.
However, early HED initiation (beginning HED at age 15 years or
younger) was not signiﬁcantly related to BMD. Conclusions: This is
the ﬁrst study to assess the impacts of early HED initiation and frequent
HED during adolescence on the bone health of young women. Results
suggest frequency of HED before reaching PBM, but not age at initiation, may be negatively related to skeletal health during young adulthood.
These ﬁndings encourage research into the association between HED and
BMD in late adolescence. (J. Stud. Alcohol Drugs, 79, 391–398, 2018)

A

LTHOUGH RATES OF HEAVY DRINKING in the
United States have declined among high school and
college men during the past 20 years, they have increased
among young women (Dwyer-Lindgren et al., 2015; Grucza
et al., 2009). In fact, recent data suggest the proportions of
undergraduate men and women engaging in heavy episodic
drinking (HED; deﬁned as having four or more drinks within
a 2-hour period for females and ﬁve or more drinks within
a 2-hour period for males; Courtney & Polich, 2009) is now
approximately equal; for both sexes, approximately 2 in 5 report engaging in HED at least once during the past 2 weeks
(White & Hingson, 2013).
This gender equity in heavy drinking is concerning because of sex differences in anatomy and physiology that
cause women to absorb a greater volume of alcohol and to
metabolize it more slowly relative to men (Greenﬁeld, 2002;
Thomasson, 1995). Such physiological differences may put
heavy drinking women at greater risk for both short-term
negative consequences and long-term health risks. Indeed, a
large body of research has documented the myriad negative
consequences associated with HED among undergraduate
women, including poor academic performance (El Ansari et
al., 2013), blackouts and alcohol overdoses (Hingson et al.,
2016; Voloshyna et al., 2018), motor vehicle accidents and
serious injuries (Caamaño-Isorna et al., 2017; Dogan et al.,

2016) as well as sexual assaults, unwanted pregnancies, and
sexually transmitted diseases (Abbey, 2002; Flack Jr. et al.,
2015; Hutton et al., 2014; Lorenz & Ullman, 2016).
However, the majority of HED consequences identiﬁed
to date are acute, occurring during an episode of HED or
shortly thereafter. Only recently have researchers begun to
investigate how frequent HED during adolescence and young
adulthood may more subtly affect young women, impairing
health and functioning much later in life. This exploratory
study investigates a novel, heretofore unexamined distal consequence potentially associated with frequent HED among
young females: impaired skeletal health and increased osteoporosis risk.
Osteoporosis is a skeletal disease characterized by low
bone mineral density (BMD) and a resulting increase in
fracture risk. It is a disease disproportionately affecting
women (National Osteoporosis Foundation, 2017), and
global assessments project that approximately one in three
women over age 50 will experience an osteoporotic fracture
in her lifetime (Kanis et al., 2000). Further, among women
ages 65 and older these bone fractures are a leading cause of
death (LeBlanc et al., 2011). Although genetics play an unquestionable role in this disease, research suggests that there
are choices young women can make during adolescence and
young adulthood to build optimal bone health (peak bone
mass [PBM]) and reduce the likelihood of adverse bone effects later in life.
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Determinants of peak bone mass
A lifetime maximum, or peak, in BMD is reached in human women between ages 20 and 25 years (Baxter-Jones et
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al., 2003; Teegarden et al., 1995). Following this peak, bone
mass gradually declines over the remainder of the life span.
Thus, the PBM achieved by a woman during young adulthood has a signiﬁcant impact on future fracture risk and
osteoporosis development (Klibanski et al., 2001). A substantial amount of bone mass is accrued during puberty, and
genetic factors like timing of menarche set the trajectory for
PBM acquisition in females (Gordon et al., 2017; Jackowski
et al., 2011). However, lifestyle choices during adolescence
are thought to inﬂuence 20%–40% of PBM (Walsh et al.,
2009; Weaver et al., 2016).
Behaviors associated with increased BMD and PBM
include maintaining a healthy weight, regularly engaging in
impact and weight-bearing physical activity, and maintaining a diet high in calcium and vitamin D (Kim et al., 2016;
Weaver et al., 2016). In addition, although the evidence is
less consistent, other behaviors linked to lower BMD and
suboptimal PBM among young women include receipt of
depot medroxyprogesterone acetate injections (Berenson et
al., 2008; Weaver et al., 2016), early and prolonged use of
oral contraceptives (Almstedt Shoepe & Snow, 2005; Jackowski et al., 2016; Scholes et al., 2010), and early initiation
into alcohol and tobacco use (Alghadir et al., 2015; Lucas et
al., 2012). Despite the increasing numbers of young women
engaging in HED, it remains unknown whether early HED
initiation or frequent HED during adolescence and young
adulthood may be additional factors that negatively affect
BMD and PBM.
Heavy drinking and bone mineral density
Among adults, chronic heavy drinking has been consistently found to be detrimental to skeletal health (Maurel et
al., 2012), with heavy drinking associated with both reduced
BMD (Alvisa-Negrín et al., 2009; Tucker et al., 2009) and
increased fracture risk (Berg et al., 2008; Hernandez-Avila
et al., 1991; Høidrup et al., 1999). Although research has not
yet examined heavy drinking in relation to BMD or PBM
among human adolescents or young adults, ﬁndings from
a laboratory study of adolescent rats suggest that HEDequivalent doses of alcohol may have detrimental effects on
young bones.
Researchers (Lauing et al., 2008) randomly assigned
adolescent rats to receive either saline injections or HEDequivalent doses of ethanol on 3 consecutive days (acute
HED). Additional groups received the same 3-day treatments
of either ethanol or saline each week for 4 consecutive weeks
(chronic HED) with and without a 30-day abstinence period
(chronic HED with abstinence). Results revealed that both
acute and chronic HED treatments were associated with 25%
reductions in tibial and vertebral BMD. Further, vertebral
BMD remained 15% lower than control values even following 30 days of abstinence. Thus, although research on
adolescent humans is lacking, animal ﬁndings suggest that

HED may have similar detrimental effects on human skeletal
health during this particular period of development.
Current study
The current exploratory study builds on these ﬁndings
by examining relationships between human females’ vertebral BMD assessed at 18–20 years, age at ﬁrst HED, and
frequency of HED during the high school and college years.
To purify potential associations between HED predictors and
BMD, analyses control for other known correlates of BMD
assessed during the same period of adolescence/emerging
adulthood. Consistent with ﬁndings linking early alcohol
initiation to lower BMD among young women (Lucas et al.,
2012) and animal ﬁndings linking HED-similar doses of
ethanol to lower BMD among adolescent rats (Lauing et al.,
2008), we expected both early HED initiation and frequent
HED to predict lower BMD at the lumbar spine.
Method
Participants
Participants in the present sample completed initial
assessments as part of a 12-month longitudinal study investigating correlates of skeletal health among ﬁrst- and
second-year college students conducted at a midsize university on the West Coast of the United States. Eligibility
criteria for female participants in the study included being
a ﬁrst- or second-year student between 18 and 20 years old,
having a self-reported body mass index (BMI) of between
18.5 and 30, having no plans to study abroad during the next
school year, and not currently being pregnant or planning
to become pregnant during the 12-month study period. Additionally, to ensure an even distribution of heavy drinking
and non–heavy drinking students, participants were quota
sampled so that half reported no HED during the previous 2
weeks and half reported engaging in HED two or more times
during the previous 2 weeks.
The analyzed sample included 87 female participants who
completed the longitudinal study’s Time 1 (T1) assessments
between February 2016 and April 2016. Participants were
an average age of 18.64 years (SD = 0.62), 60% (n = 52)
were White, 19.5% (n = 17) were Asian, 9.2% (n = 8) were
Hispanic/Latinx, 5.7% (n = 5) were African American, and
5.7% (n = 5) were multiracial.
Procedure
The larger study was advertised to students by posters
placed around campus, paid advertisements on Facebook
and Instagram social media sites, and ﬂyers distributed by
faculty members and project staff. All recruitment materials
invited interested students to ﬁnd out more about the year-
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long investigation into college lifestyle factors and bone
health by visiting the project website. The website provided
a study timeline and additional details about participation.
Interested students were ﬁrst directed to an online consent
form where they could consent to participate and then to a
short screening survey that asked female students to report
their age, class year, height and weight (to calculate BMI),
pregnancy status, study-abroad plans, and recent drinking.
Students who screened in to the study (based on eligibility criteria) were able to begin the baseline survey assessments, which had to be completed during the next 7 days.
After completing all baseline surveys, students were directed
to schedule a bone scan appointment through an online system. These appointments with trained staff members took
place on campus in the University’s Health and Human Sciences Department. On arriving for a bone scan, participants
were given a pregnancy dip-test of the urine to ensure that
bone scans were administered only to nonpregnant women.
All recruitment materials, assessments, and study procedures
were approved by the Institutional Review Board at Loyola
Marymount University.
Measures
An online self-report questionnaire assessed age at
menarche, hormonal contraceptive use, physical activity,
smoking habits, and HED history. Participants’ BMD at the
lumbar spine and lean body mass were assessed using dualenergy x-ray absorptiometry (DXA; Hologic Discovery A,
Waltham, MA).
Age at menarche and use of hormonal contraceptives. A
menstrual history questionnaire assessed age at menarche as
well as the number of years participants used oral contraceptives and depot medroxyprogesterone acetate injections to
prevent pregnancy.
Physical activity history. Lifetime weight-bearing physical
activity was estimated with the Bone-Speciﬁc Physical Activity Questionnaire (BPAQ; Weeks & Beck, 2008), a valid
and reliable assessment tool that enables the calculation of
an index of bone-relevant exercise history by incorporating
the necessary loading characteristics of magnitude, rate, and
frequency for each reported activity. Participants were asked
to record the type, average frequency, and years of participation in regular physical activities during their life, including
sports, recreational, occupational, and household-related activities. Type, frequency, and duration of any regular physical
activities undertaken in the preceding 12 months were also
recorded. A software program designed by BPAQ creators
(http://www.ﬁthdysign.com/BPAQ/) was used to generate
scores for overall BPAQ (average of past and current) analyzed in this study. This score is a unit-less variable in which
higher scores indicate a greater amount of weight-bearing or
impact activities, which have a more signiﬁcant inﬂuence on
bone health than sedentary or non–weight-bearing activities.
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Smoking history. Participants indicated whether they were
a current cigarette smoker, a previous cigarette smoker, or
had never smoked. Participants who reported smoking currently and previously were prompted to report the number of
years in which they smoked.
Heavy episodic drinking frequency. Participants were
prompted to think back to high school and estimate the
number of times they drank four or more drinks within a
2-hour period in a typical month during their freshman,
sophomore, junior, and senior years of high school. These
retrospective questions closely mirror questions and ﬁndings
from the 2015 Youth Risk Behavior Survey (YRBS; Esser et
al., 2017). Speciﬁcally, for each year of high school, similar
proportions of students in both samples reported engaging
in HED once or more [“during the past month” in YRBS;
“in a typical month (during the speciﬁed class year)” in
the current study]. Parallel questions also inquired about
frequency of HED in a typical month during their freshman
and sophomore years of college.
To calculate intake for participants’ current class year,
typical monthly HED responses were multiplied by the number of months that had elapsed between the start of the fall
semester and the time of survey completion. Responses for
previous years were multiplied by 12 to account for typical
drinking patterns each year. Yearly totals were then summed
to estimate frequency of HED during adolescence and emerging adulthood, which ranged from 0 to 280 episodes (M =
62.0, SD = 65.0). Based on the distribution’s overall shape
and natural breaks, we elected to deﬁne frequent HED at the
80th percentile and above for the sample and created a corresponding binary variable coded 1 to indicate frequent HED
(115 HED episodes or more; n = 18) versus less frequent
HED (less than 115 HED episodes; n = 69) for analysis.
Heavy episodic drinking initiation. Participants were also
asked to report the age at which they ﬁrst consumed four or
more drinks within a 2-hour period (National Institute on
Alcohol Abuse and Alcoholism, 2004). Ages reported ranged
from 13 years to 19 years (M = 16.78, SD = 1.46), with eight
participants reporting not having yet initiated HED at the time
of the survey. We elected to create a marker for early HED
initiation at age 15 and younger, where there was a natural
break in the distribution that corresponded to the bottom 20%
of the sample. Thus, for analysis, participants initiating at
age 15 or younger were coded 1 (n = 18), indicative of early
HED initiation, whereas those initiating at age 16 or older
were coded 0 (n = 69), reﬂective of later initiation.
Bone mineral density and lean body mass. Both lean
body mass (kg) and BMD (g/cm2) of anterior-posterior
(AP) and lateral (LAT) lumbar spine were assessed using
DXA (Hologic Discovery A, Waltham, MA). A DXA scan
uses a very small dose of ionizing radiation to measure
grams of mineral per area of bone (cm2), producing BMD.
Lean body mass (kg) was also determined via DXA scan
of the whole body.
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TABLE 1. Bivariate relationships between anterior-posterior (AP) and lateral (LAT) projections of bone mineral density (BMD) at the lumbar spine, previously
established correlates, and heavy episodic drinking (HED) variables (N = 87)
Variable
1. LAT spine BMD (g/cm2)
2. AP spine BMD (g/cm2)
3. Current age
4. Lean body mass (kg)
5. BPAQ physical activity score
6. Age at menarche
7. Years using oral contraceptives
8. Early HED (≤15 years = 1, >15 years = 0)
9. Frequent HED (≥115 times = 1, <115 times = 0)

M (SD)

1.

0.77 (0.09)
1.00 (0.09)
18.64 (0.62)
42.63 (5.18)
43.90 (34.50)
12.07 (1.36)
1.31 (1.48)
0.21 (0.41)
0.21 (0.41)

1.000

2.

3.

.799*** -.017
1.000 -.054
1.000

4.

5.

.502*** .075
.512*** .127
-.124
-.137
1.000
.098
1.000

6.

7.

8.

9.

-.237*
-.254*
.080
.045
.060
1.000

-.081
-.070
.240*
.121
.032
-.084
1.000

.031
.102
-.096
.102
.101
-.086
.164*
1.000

-.142†
-.097
.314**
.207*
.059
.146†
.255*
.247*
1.000

Notes: BPAQ = Bone-Speciﬁc Physical Activity Questionnaire.
*p < .05;**p < .01; ***p < .001; †p marginally signiﬁcant between .05 and .09.

Quick and noninvasive, DXA is recognized as the gold
standard for assessing BMD and diagnosing osteoporosis
and is an essential tool for assessing an individual’s risk of
developing fractures (National Osteoporosis Foundation,
2017; NIH Consensus Development Panel on Osteoporosis
Prevention, Diagnosis, and Therapy, 2001). All DXA scans
were conducted by a trained professional according to the
protocol provided by the manufacturer. Test–retest reliability in our laboratory showed a 1.0% coefﬁcient of variation
for DXA scans at the spine. The DXA was calibrated at the
beginning of each day with an anthropometric phantom supplied by the manufacturer. Consistent with previous work
that has similarly examined correlates of BMD in ethnically
diverse female adolescents and young adults who have not
yet reached peak bone mass and vary in their ages at menarche (e.g., Harel et al., 2007, and Dorn et al., 2008), raw
BMD outcomes with statistical controls included in models
to remove the variability associated with present age, age at
menarche, and race/ethnicity were deemed more appropriate
for analysis than the Z-scores and T-scores preferable when
studying older populations.
Analytic plan
First, correlational analyses examined bivariate relationships between AP and LAT projections of BMD at the lumbar spine and previously established correlates (e.g., lean
body mass, age at menarche, total physical activity, years
using contraceptives, and years smoking cigarettes) as well
as age at HED initiation and frequency of HED during adolescence and young adulthood. Next, hierarchical regression
models were used to examine potential relationships between
HED variables and both AP and LAT BMD after controlling
for other associated predictors.
Results
Because very few participants in this sample reported
ever smoking (n = 4) or using depot medroxyprogesterone
acetate injections as a birth control method (n = 2), variables

assessing length of time smoking and using depot medroxyprogesterone acetate were dropped from analysis. Table 1
presents both descriptive statistics for—and zero-order correlations between—analyzed study variables. Bivariately,
lean body mass was the strongest positive correlate of both
BMD measures, whereas age at menarche was the strongest
negative correlate. It is also important to note that variables
marking early HED initiation and frequent HED were only
moderately correlated with one another. In fact, only 7 of
the 18 participants classiﬁed as frequently engaging in HED
were also early HED initiators. Therefore, we felt comfortable attempting to tease apart the relative impact of early
HED initiation versus frequent HED on BMD.
Table 2 presents results for the hierarchical regression
models predicting AP and LAT projections of BMD at the
lumbar spine. Overall, model results were highly consistent.
Across steps, lean body mass was the strongest positive predictor of BMD, whereas age at menarche was the strongest
negative predictor. Meanwhile, neither weight-bearing physical activity nor years of oral contraceptive use signiﬁcantly
predicted BMD at the lumbar spine in this population. As
hypothesized, after holding constant other variables, respective second steps of models revealed that more frequent
HED during adolescence and young adulthood (AP: β = -.22
p = .03; LAT: β = -.22, p = .04) was associated with lower
BMD at the lumbar spine. However, early HED initiation,
also entered in the second model steps, was not a signiﬁcant
predictor of either AP (β = .12, p = .21) or LAT (β = .03, p
= .31) projections of lumbar spine BMD.
Discussion
This is the ﬁrst study to assess the impacts of early HED
initiation and frequent HED during the high school and college years on the bone health of young women. Consistent
with ﬁndings linking HED-like doses of ethanol intake to
decreased vertebral BMD among adolescent rats (Lauing et
al., 2008), frequent HED, deﬁned in this study as consuming
four or more drinks within a 2-hour period on 115 or more
occasions between the freshman year of high school and the
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TABLE 2. Hierarchical regression results for heavy episodic drinking (HED) variables predicting bone mineral density (BMD) at anterior-posterior (AP) and
lateral (LAT) projections of BMD at the lumbar spine after controlling for previously established correlates (N = 87)
Step

Predictor
g/cm2

AP spine BMD in
1
Current age
Lean body mass (kg)
BPAQ Physical Activity Score
Age at menarche
Years using oral contraceptives
2
Current age
Lean body mass (kg)
BPAQ Physical Activity Score
Age at menarche
Years using oral contraceptives
Early HED (≤15 years = 1, >15 years = 0)
Frequent HED (≥115 times = 1, <115 times = 0)
LAT spine BMD in g/cm2
1
Current age
Lean body mass (kg)
BPAQ Physical Activity Score
Age at menarche
Years using oral contraceptives
2
Current age
Lean body mass (kg)
BPAQ Physical Activity Score
Age at menarche
Years using oral contraceptives
Early HED (≤15 years = 1, >15 years = 0)
Frequent HED (≥115 times = 1, <115 times = 0)

B

SE B

β

.012
.010
.001
-.022
-.012
.030
.011
.001
-.019
-.011
.028
-.053

.020
.002
.000
.006
.006
.021
.002
.000
.006
.006
.022
.024

.057
.540
.103
-.299*
-.170†
.141
.582
.110
-.268**
-.160
.117
-.220*

.009
.010
.001
-.019
-.011
.021
.010
.001
-.016
-.008
.007
-.048

.014
.002
.000
.006
.006
.019
.002
.000
.006
.006
.021
.022

.049
.532***
.051
-.283**
-.173†
.13
.568***
.061
-.251**
-.127
.033
-.221*

F change

R2 change

0.62
6.00
1.15
-3.36**
-1.85†
1.44
6.43***
1.25
-3.04**
-1.72
1.27
-2.21*

9.63***

.37***

2.71†

.04†

0.52
5.83***
0.56
-3.10**
-1.90†
1.35
6.23***
0.670
-2.76**
-1.36
0.350
-2.22*

8.67***

.35***

2.49†

.04†

t

Notes: BPAQ = Bone-Speciﬁc Physical Activity Questionnaire.
*p < .05; **p < .01; ***p < .001; †p marginally signiﬁcant between .05 and .08.

sophomore year of college, was associated with decreased
vertebral BMD among human females assessed as young
adults, even when controlling for variables most commonly
associated with bone health (lean body mass, physical activity, age at menarche, and oral contraception use).
Although national data suggest that HED prevalence and
frequency increase across the high school and college years
rather than remaining steady (Esser et al., 2017), computing
a monthly number of episodes that correspond to the cutoff
point that deﬁned “frequent” HED in the current study
remains useful in providing a ballpark for understanding
the numbers of adolescent females whose skeletal health
might be negatively affected by heavy drinking. Averaging
the 115 episodes that marked the lower bound of frequent
HED in the current study over the 6-year period equates
to 1.6 episodes per month since the freshman year of high
school. In comparison, national survey data suggest that
20% of high school seniors engage in HED at least twice a
month (Johnston et al., 2013); further, 15.6% of high school
seniors report consuming 10 or more drinks in a row at least
twice a month (Patrick et al., 2013). Although this study’s
preliminary results together with national data suggest that
frequent heavy drinking may be quietly diminishing the skeletal health of some adolescent females, more research with
larger samples is needed to determine more precisely what
impact HED may have on bone health. Also needed is additional research measuring HED frequency prospectively at

multiple points in time and examining the impact of extreme
drinking (drinking more excessive quantities than standard
HED deﬁnitions) on skeletal health during adolescence and
young adulthood.
In contrast, early HED initiation, deﬁned as at age 15 or
younger in this study, was not signiﬁcantly related to BMD
at the lumbar spine during young adulthood. These ﬁndings
build on previous work by Lucas and colleagues (2012),
who ﬁrst identiﬁed an association between early initiation
into alcohol use (age 13 or younger) and decreased forearm
BMD among young women. Results suggest that frequency
of engaging in HED may be more consequential to skeletal
health during the young adult years of bone accrual than is
age at HED initiation and encourage additional research into
the association between HED and BMD in late adolescence
and young adulthood.
Implications
Although more research is needed, initial evidence for
the association between frequent HED and reduced BMD
in young women carries important implications for interventionists working to decrease osteoporosis as well as
those tasked with reducing underage drinking and mitigating alcohol-related risks among young adults. Diminished
bone accrual during adolescence leads to suboptimal PBM
in young women, which, in turn, is linked to a fourfold
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higher incidence of osteoporosis relative to men (Gordon
et al., 2017; Weaver et al., 2016). As this study’s ﬁndings
suggest that high rates of osteoporosis among women might
be reduced by decreasing HED during their developmental
years, the ﬁndings further encourage osteoporosis prevention
efforts to focus on adolescence and young adulthood.
For alcohol researchers, ﬁndings from this study potentially present a new negative consequence of HED among
young women to supplement the longstanding list of HED
consequences. Building on previous research, which has
focused primarily on acute and temporary negative consequences experienced by heavy drinking young women (i.e.,
blackouts, academic difﬁculties, injuries, sexual victimization, etc.), the present ﬁndings suggest a serious long-term
health consequence that may be associated with frequent
HED during adolescence and young adulthood: increased
osteoporosis and later fracture risk. Thus, alcohol interventionists designing programs to reduce HED might seek to
educate high school and college women about the importance of reaching optimal PBM, the costs associated with
osteoporosis, and the skeletal health risks associated with
frequent HED during adolescence and young adulthood.
Importantly, fracture risk and other HED consequences
related to skeletal health may be of special concern to certain groups of young women (i.e., athletes, women with
a family history of osteoporosis) whose heavy drinking
has not been deterred by knowledge of short-term HED
consequences.
Limitations and directions for future research
This initial study is not without limitations. First, given
that this was an exploratory study, the small size of our sample (N = 87) only provided sufﬁcient power to detect large
effects for early HED initiation (using a cutoff point of age
15 years or younger, which corresponded to the bottom 20%
of the ages reported) and frequent HED (using a cutoff point
of 115 or more lifetime episodes, which corresponded to the
top 20% of those reported). Although we observed a large,
signiﬁcant effect for HED frequency on vertebral BMD, the
same was not observed for early HED initiation. This does
not mean that there is no relationship between BMD at the
spine and early HED initiation. Rather, sufﬁciently powered
future studies, which we view as a necessary direction for
future research, may indeed reveal small or medium effects
for early HED initiation on skeletal health.
Second, we examined historical reports of lifetime HED
since the ﬁrst year of high school in relation to vertebral
BMD assessed among ﬁrst- and second-year college students. There is likely some degree of error in college students reporting their HED 5 years after the fact, and it is
our hope that ﬁndings from this exploratory study motivate
large-scale prospective studies able to more perfectly capture the nature of the HED frequency–BMD relationship by

assessing these variables, pubertal development, and other
behaviors that are potentially protective (e.g., calcium and
vitamin D intake, physical activity) and detrimental (e.g., use
of hormonal contraceptives, tobacco use) to skeletal health
at multiple points in time as students advance through high
school and college.
In addition, although this study used the NIAAA’s deﬁnition of four or more drinks within 2 hours, determined to
be the drinking rate at which legal, 21-year-old female
adults typically reach a blood alcohol concentration of .08
(NIAAA, 2004), it is possible that individuals signiﬁcantly
under the legal age might reach the same blood alcohol
concentration at different drinking rates. To account for
this, future studies might also consider using a more agedependent measurement of HED or looking at varying levels
of drinking.
Because this study is the ﬁrst to suggest a link between
vertebral BMD and frequency of HED among human
adolescent females, future longitudinal research should also
investigate the mechanisms by which frequent HED may affect BMD in this population. In adolescent rats, heavy doses
of alcohol appear to cause an increase in bone resorption
(i.e., breakdown and absorption into the bloodstream) and a
simultaneous decrease in bone formation (production of new
bone), ultimately leading to a reduction in BMD (Callaci et
al., 2009). Thus, examining whether these same mechanisms
similarly explain HED–BMD relationships among human
adolescent females is an important next step for research in
this area.
A ﬁnal related direction for future work is to examine
potential moderators of the frequent HED and lower BMD
association observed in this study. For example, it is unclear
whether high levels of physical activity or calcium intake
may buffer the detrimental impact of HED on BMD in adolescence and young adulthood. This is an important question
that could inform intervention development.
Conclusion
This was the ﬁrst study to examine HED in relation to
vertebral BMD among young women. Cross-sectional ﬁndings suggest that frequent HED during the high school and
early college years may be detrimental to BMD at the lumbar
spine and diminish PBM achieved, thereby increasing osteoporosis and fracture risk later in life. Further, these ﬁndings
present a new, potentially costly negative consequence associated with HED among female adolescents and young
adults. Given the high rates of HED among young women,
now equal to that of young men, these initial ﬁndings warrant additional investigation into the HED–BMD relationship
during late adolescence/young adulthood while giving both
medical practitioners and alcohol prevention and intervention
personnel another reason to collectively seek to reduce HED
in young women.
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